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Abstract 
Increase in energy demand worldwide has caused faster depletion of sweeter feedstock and increased utilization of 
sulfur-bearing fuels that contain high amounts of acid gases (H2S and CO2) and other associated impurities. The 
composition of acid gas varies significantly depending on the desulfurization facility. Currently, Claus process is used 
under near optimum reactor conditions for maximum recovery of sulfur from acid gases. To enhance energy 
generation and preserve our environment from sulfur-bearing fuels, one must explore alternative means for more 
efficient treatment of acid gases. Numerical examination of acid gases to produce pure sulfur and syngas is presented 
and this provides the feasibility of establishing global reactor conditions for such a recovery. Detailed examination of 
acid gas pyrolysis was conducted with focus on determining optimum conditions for the production of sulfur and 
syngas that can be used in industry at high conversion efficiency of acid gas. The results revealed that only pyrolysis 
of specific acid gas composition leads to the production of syngas and that temperature plays an important role in the 
conversion process. The results provide the role of the acid gas composition on high sulfur yield and production of 
hydrogen-rich syngas under different operational conditions of the reactor with minimal adverse effect on the 
environment. The produced hydrogen-rich syngas can be utilized to enhance energy generation or produce value 
added products. The operational conditions provide means to seek different composition of the syngas. The syngas 
can then be used to produce biofuels. Detailed results and analysis are presented in the paper. 
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1. Introduction
Currently, Claus process is used to yield maximum elemental sulfur production from acid gases 
(mainly H2S and CO2). Acid gases are major byproducts of desulfurization facilities of many natural gas 
plants and crude oil refineries, and their chemical composition show wide variation depending on the 
desulfurization facility [1]. Increase in energy demand worldwide has caused faster depletion of sweeter 
feedstock and increased utilization of sulfur-bearing fuels that contain high amounts of acid gas (H2S and 
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CO2) and other associated impurities. Alternative utilization and efficient treatment of acid gas are 
required to preserve our environment from sulfur-bearing fuels while simultaneously enhancing energy 
generation [1-4]. Wide range of studies on the improvement of Claus process efficiency has shown that 
both syngas and sulfur can be produced from acid gas under certain reactor operational conditions [5-7]. 
This is an attractive alternative since the large volume of CO2 in acid gas can be captured from the 
produced syngas. Moreover, sulfur recovery from lean acid gas that contains higher CO2 content than H2S
as well as hydrocarbon impurities in a Claus process pose severe technical and environmental issues [1]. 
Therefore, acid gas pyrolysis will also be well suited for the treatment of lean acid gas. The H2 and CO 
produced (syngas) can then be used in industry for energy and power applications. Syngas can be used as 
a fuel for gas engines, or to produce valuable chemicals, such as ammonia and liquid fuels. It was noted 
that Siemens energy gas plants require syngas ratio of H2 to CO between 0.33 and 1.2 for successful 
operation and similar ratio for ammonia production [2-3].  
Previous researchers have examined the non-catalytic conversion of acid gas to hydrogen [8-15]. Most 
studies have focused on the kinetics of hydrogen sulfide decomposition into hydrogen and sulfur, and the 
reported results are on various kinetic parameters [8-11]. A few studies were also reported on the detailed 
mechanism of hydrogen sulfide pyrolysis and the data compared with experiments at low (600-900oC) and 
moderate temperature conditions (900-1300oC) [11-14]. The reported overall kinetic parameters varied 
significantly. They did not provide a unified description of the reaction kinetics on hydrogen production 
from hydrogen sulfide despite examination over a wide range of conditions. Binoist and co-workers [15], 
more recently reported their work on pyrolysis of H2S in diluted argon in a continuous perfectly mixed 
reactor over a residence time of 0.4-1.6s and temperature range of 800-1100oC. They developed a detailed 
kinetic mechanism for H2S pyrolysis. The detailed reaction mechanism was used to carry out numerical 
simulations that were used to compare with experimental data. Pyrolysis of acid gas is expected to 
generate some unwanted by-products, such as, COS, CS2, SO2 and other sulfurous compounds. Our 
previous research has reported conditions under which COS, SO2, CS2 and other sulfur compounds are 
produced in the reactor [5-6]. Most importantly, the results revealed increased potential of H2 production 
from acid gas containing benzene, toluene and xylene (BTX) [5]. These are common aromatic impurities 
that are often found in acid gas. It is important to examine the reactor conditions under which syngas 
production can be maximized while minimizing formation of unwanted sulfurous compounds. Previous 
work was focused on investigating pyrolysis of H2S, even though acid gas contains considerable amounts 
of CO2. In this paper, we examine pyrolysis of H2S and CO2 (acid gas) that offers a more practical 
solution. 
2. Resultsanddiscussion
 Determination of optimum reactor conditions for enhanced syngas and sulfur yield was conducted 
using a well-studied mechanism of hydrogen sulfide oxidation [7] that consisted of 111 reactions, 
combined with a detailed pyrolysis mechanism [14], which consisted of 22 reactions. Since some 
reactions are common to both mechanisms, it was necessary to modify them. The combined mechanism 
consisted of 41 species and 117 elementary reactions, which accounted for both pyrolysis and oxidation 
reactions that are favorable during thermal conversion of H2S and CO2. Figure 1 shows both the modeling 
and experimental results on the conversion of H2S versus residence time. Simulation results showed a 
very close match to the experimental data at both the temperatures examined. The conversion of H2S
increased with increase in residence time and temperature. A parametric study was further conducted to 
examine the possibility of syngas and sulfur recovery over a wide range of reactor temperatures and acid 
gas composition. The composition of syngas produced was examined over a temperature range of 1000-
2000oC and residence time of 1.4 seconds. At temperatures below 1500oC, the conversion of H2S was less 
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than 60% for a given acid gas composition. Significant difference in H2S conversion was much 
discernable at higher temperatures above 1800oC, but these temperatures promoted significant amounts of 
unwanted sulfur compounds, such as SO2 and COS. Moreover, the conversion of CO2 was also 
insignificant at temperatures below 1500oC. Therefore, the temperature range of 1500-1800oC was most 
suitable for examining the composition of syngas produced. It is desirable to produce syngas with wide 
range of H2 to CO ratios so that the produced syngas can be used in gas engines or ammonia and liquid 
fuels production. The results revealed that the ratio of H2 to CO decreases with increase in temperature, 
and only high temperature reaction, above 1550oC and specific acid gas composition can allow the 
production of usable syngas in ammonia production and gas engine applications. The desired H2 to CO 
ratio is between 0.33-1.26 for ammonia production and gas engines applications [2-3]. Acid gas with high 
H2S content, more than 60%, produced syngas that was very rich in H2. This offers potential for direct H2
production from acid gas if suitable separation techniques are deployed for direct H2 separation from the 
produced syngas.   
Figure 1. Comparison between modelling and experimental data on H2S conversion 
Figures 2.  Ratio of H2/CO for different composition of acid gas 
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Figures 3. Mole Fractions of sulfur and other sulfur compounds for 60%H2S-40% CO2 acid gas 
The results show that high temperatures are more suitable for acid gas pyrolysis. However, some 
undesirable compounds can also be produced during the pyrolysis. The evolution of these compounds 
with temperature should therefore be explored. Figure 3 shows the evolution of S2, COS and SO2. The 
results show the production of COS and SO2 is favored at temperatures above 1600oC. Sulfur compound 
can be used without the formation of SO2 and COS since they must be removed due to their 
environmental and health hazards. Therefore, the ultimate ideal goal would be to maximize conversion of 
H2S, produce S2 and syngas with a suitable H2 to CO ratio that meets the specific industrial requirement, 
while minimizing the formation of other unwanted compounds. 
3. Conclusions
Syngas and sulfur recovery from acid gas has been studied using a modified mechanism to simulate the 
pyrolysis of acid gas, with due accounting for pyrolysis and oxidation reactions. A comparison between 
the simulation and some experimental data from literature showed good agreement. A parametric study 
was also carried out to examine the possibility of acid gas conversion to produce sulfur and syngas with a 
wide range of H2 to CO ratios. The results showed that only specific reactor temperature within 1550-
1800oC and acid gas composition, having H2S content lower than 60%, offers the potential for syngas 
production that is suitable for gas engine application and ammonia production. It is also necessary to find 
a compromise between a high H2S conversion and limited production of undesired sulfur compounds, 
which are achieved within a narrow temperature range of 1500-1600oC. The results shown here 
demonstrate the potential of syngas recovery from acid for its subsequent use in a wide range of 
applications of gas engines, ammonia plants and liquid fuel production. 
Acknowledgments 
The authors gratefully acknowledge the research support provided by The Petroleum Institute, 
ADNOC and GASCO, Abu Dhabi, UAE, and also The Reaction Design for Chemkin code used here. 
References 
[1] John S. E., Recovery of Sulfur from Sour Acid Gas: Review of the Technology. Environmental Progress, 2002; 21(3):143-162. 
[2] Poloczek,V., Hermsmeyer, H., “Modern Gas Turbines with High Fuel Flexibility”, Siemens EG, Energy Sector, Germany. 
[3] Zheng, L. and E. Furinsky, Comparison of Shell, Texaco, BGL and KRW gasifiers as part of IGCC plant computer simulations, 
Energy Conversion and Management , 2005;  46 (11-12): 1767-1779. 
[4] Raymont, M. E. D. Role of Hydrogen in Claus Plants. Hydrocarbon Process. 1975; 54: 177-179. 
3070   M. Groisil et al. /  Energy Procedia  75 ( 2015 )  3066 – 3070 
[5] Ibrahim S., AlShoaibi A., Gupta A. K., Role of Toluene in Hydrogen Sulfide Combustion under Claus Condition. Journal of 
Applied Energy 2013; 112: 60-66. 
[6] Selim H, Al Shoaibi A, Gupta A. K. Effect of H2S in methane/air flames on sulfur chemistry and products speciation. Journal of 
Applied Energy 2011; 88(8): 2593-2600. 
[7] Leeds University, Sulfur Mechanism Extension to the Leeds Methane Mechanism, May 2002. 
http://www.chem.leeds.ac.uk/combustion/sox.htm 
 [8] Hawboldt KA, Monnery WD, Svrcek, W.Y., New Experimental Data and Kinetic Rate Expression for H2S Pyrolysis and Re-
association, Chemical Energy Science 2000; 55(5):957-66. 
[9] Adesina, A. A.; Meeyoo, V.; Foulds, G. Thermolysis of Hydrogen Sulphide in an Open Tubular Reactor. Int. J. Hydrogen 
Energy, 1995; 20: 777-783. 
[10] Aynsley, E. E.; Pearson, T. G.; Robinson, P. L. The Kinetics of the Reaction between Hydrogen and Sulphur. Part I. J. Chem.
Soc., 1935:58-68. 
[11] Dowling, N. I.; Hyne, J. B.; Brown, D. M. Kinetics of the Reaction between Hydrogen and Sulfur under High-Temperature 
Claus Furnace Conditions. Ind. Eng. Chem. Res. 1990; 29: 2327-2332. 
[12] Fukuda, K.; Dokiya, M.; Kameyama, T.; Kotera, Y. Catalytic Decomposition of Hydrogen Sulfide. Ind. Eng. Chem. 
Fundam.1978; 17: 243-248 
[13] Chivers, T.; Hyne, J. B.; Lau, C. The Thermal Decomposition of Hydrogen Sulfide over Transition Metal Sulfides. Int. J. 
Hydrogen Energy, 1980; 5: 499-506.  
[14] Manenti, F., Papasidero, D., Ranzi, E., Revised Kinetic Scheme for Thermal Furnace of Sulfur Recovery Units.  Chemical 
Engineering Transactions, 2013: 1285-1290. 
 [15] Binoist, M., Labegorre, B., Monnet, F., Clark, P.D., Dowling, N.I., Huang, M., Archambault, D., Plasari, E., Marquaire, P.M., 
“Kinetic study of the pyrolysis of H2S”. Industrial & Engineering Chemistry Research,  2003; 42:3943-3951. 
Biography  
Professor Ashwani K. Gupta is Distinguished University Professor at the University of Maryland. He 
has over 40 years of experience in Combustion engineering since his graduation from Southampton 
University in 1970. He has coauthor over 650 technical papers, three books, and 10 edited books and 
10 book chapters. He is a Fellow of AIAA, ASME and SAE and chartered Engineer in the UK. He 
was awardeed higher doctorate (DSc) from Sheffield University and Southampton University. He was awarded 
honorary doctorate from University of Wisconsin Milwaukee and King Mungkut University of Technology North 
Bangkok that was awarded by the Queen of Thailand. 
